The mammalian Y chromosome is small, ∼59 Mb, carries an estimated 100 genes, and is composed mainly of repeated sequences (Cooke 1976; Goodfellow et al. 1985; Smith-Ferguson et al. 1987; Vogt et al. 1997) . Y-linked genes are of particular interest, because they provide information about the origin of the Y chromosome and its function in sex determination and differentiation. Several genes involved in the process of spermatogenesis have been located on the Y, including the DAZ, TSPY, and RBMY gene families (Arnemann et al. 1987; Ma et al. 1993; Reijo et al. 1995) , and the singlecopy SRY gene, which is considered to be the testis determining factor (TDF) (Sinclair et al. 1990 ). Deletions of one or more of these genes can lead to infertile and subfertile male phenotypes (Tiepolo and Zuffardi 1976; Ma et al. 1992; Rejio et al. 1995; Schnieders et al. 1996; Vogt et al. 1996; Pryor et al. 1997; Ferlin et al. 1999) .
To date, only 47 Y-linked genes and pseudogenes have been identified (GDB database, http:// gdbwww.gdb.org). Because not all cases of idiopathic infertility can be explained by loss of known Y-linked or autosomal genes, it seems likely that other Y-linked genes with a role in male fertility remain to be discovered.
To identify novel Y-linked genes we constructed a "Y-specific-testis-expressed" cDNA library, using the technique of direct selection (Lovett et al. 1991; Lovett 1994; Del Mastro and Lovett 1997) . We used a panel of Y-linked cosmids as a genomic target and human testis mRNA as the hybridization partner. In this paper, we describe the analysis of cDNA clones isolated from this "Y-specific-testis-expressed" cDNA selection library and the identification of a Y-linked multicopy gene family, TTY2.
RESULTS cDNA Selection Library Evaluation
The cDNA selection procedure was carried out using first-strand cDNA, prepared from adult human testis RNA and DNA from 960 cosmid clones, derived from two different Y chromosome-specific libraries as the genomic target. Four thousand, six hundred and eight recombinant clones were selected and arrayed in 48 96-well microtiter plates.
Because previous experience (Cheng et al. 1994; Simmons et al. 1995 Simmons et al. , 1997 Guimera et al. 1997; Touchman et al. 1997 ) has shown that cDNA selection libraries are prone to contamination with vector sequences, it was decided to screen these arrays with probes specific for the cosmid vectors Lawrist B and Lawrist 16. The library was also screened with probes containing the Y-specific repeat sequence, DYZ1 (Cooke 1976 ); these were a PCR product containing the DYZ1 sequence and DNA from the OXEN (49,XYYYY,) cell line. The extent of positive hybridization signals obtained with these probes indicated that the proportion of recombinants containing either vector or repeat sequences was unexpectedly high, around 80%. However, 731 clones did not hybridize to either vector or repeat sequences, and were regarded as bona fide cDNAs for further analysis.
Sequence from 79 of these cDNAs was determined and compared to current sequence databases. A large proportion (49.4%) of the expressed sequences matched (>95% identity) to known Y-linked genes and ESTs (Table 1a) ; 30.4% of the analyzed cDNAs were expressed in testis or testis-related tissues (Table 1b) ; 28.4% of the clones showed homology to sequences located on autosomes or the X chromosome and to ESTs from cDNA libraries generated from tissue other than testis; 7.6% of the sequences did not identify any matches in current databases. Details of all these sequences can be found at http://www.gene.ucl.ac.uk/ users/eleni/index.htm.
Identification and Chromosome Mapping of TTY2 Homologous Genes
Nineteen cDNAs showed ∼65-78% similarity to TTY2 (testis specific Y linked), a testis-specific mRNA of ∼3.2 kb described by Lahn and Page (1997) . None were identical to the published TTY2 sequence. Of the 19 TTY2like clones, 16 overlapped in sequence and comprised a single sequence, designated TTY2L2A, after one of the cDNAs in this group. The remaining three TTY2like sequences (TTY2L12A, TTY2L14, and TTY2L15) were distinct from TTY2, TTY2L2A, and each other, suggesting that these sequences represent distinct members of a Y-linked gene family.
To facilitate detailed chromosome mapping of TTY2L2A and TTY2L12A, genomic clones corresponding to each cDNA were identified in a two-step procedure. An array of 500 Y-linked cosmids was hybridized to ␣-32 P dCTP-labeled TTY2L12A and TTY2L2A cDNA probes, each of which identified the same 34 cosmids. DNA from this set of TTY2-like cosmids was then PCR amplified using primers specific for TTY2L12A and TTY2L2A. This identified two cosmids, Yco2E9 and Yco2F6, corresponding to TTY2L12A and TTY2L2A, respectively. DNAs from Yco2E9 and Yco2F6 were used as probes to determine their chromosomal localization by FISH analysis of human metaphase chromosome spreads ( Fig. 1a ). This showed that Yco2E9 (TTY2L12A) is located in the distal part of Yp, whereas Yco2f6 (TTY2L2A) is located on Yq. It was notable that a very strong FISH signal was seen in both cases, which was interpreted as indicating the presence of a cluster of related sequences.
When the same probes were used on metaphase spreads from a male chimpanzee, a pigmy chimpanzee, and a gorilla, it was found that TTY2L12A and TTY2L2A sequences are present at distinct locations on the short and long arm of Chr Y as in humans (Fig. 1b, c, d) . In no case were signals detected on the X chromosome or on autosomes.
To define the regional localization more accurately, YACs, which form a tiling path across the human Y chromosome (described in Jones et al. 1994) , were individually amplified using the TTY2L12A and the TTY2L2A specific primers. In both cases, a product of the correct size and sequence was amplified from a single YAC, indicating that TTY2L12A lies on YAC 759G2 and TTY2L2A on YAC 933A6. YAC 759G2 (TTY2L12A) has been localized to the Yp11.31-11.2 region (Jones et al. 1994) , and covers part of the subinterval 2C, the whole of 3A to 3G, and most of interval 4A close to the centromere (as defined by Vergnaud et al. 1986; Vollrath et al. 1992 ). How- cDNA clones that show >95% identity with (a) Y-linked expressed sequences and (b) expressed sequences from testis and testis-related tissues. ever, the part that would cover intervals 3C-3G is known to be deleted in this YAC (Jones et al. 1994) . YAC 759G2 overlaps with YAC 853G9 and YAC 758G1, neither of which gave amplification products with primers specific for TTY2L12A; thus, the most likely location for the TTY2L12A sequence is within interval 4A between the STS markers sY75 and sY62 (Fig. 2) .
YAC 933A6 (TTY2L2A) has been localized to Yq11.2 (Jones et al. 1994) , and covers the AZFb region and part of the AZFc region, from the 5Q subinterval across the whole of interval 6 (6A-6F). PCR amplification showed that TTY2L2A is not present on overlapping YACs 664E6 and 913B1; thus, it seems that it is located in the proximal 6 interval (6A, 6B, 6C, and part of 6D), either within the AZFb or AZFc regions (Fig. 2 ).
Expression Studies
The expression patterns of TTY2L12A and TTY2L2A were examined by RT-PCR using RNA prepared from a panel of human adult and fetal (11.5-and 16.5-wk gestation) tissues. Prior to RNA preparation, all tissues were male sex determined by PCR amplification of DNA, using primers that amplify the X-and Y-linked homologs of amelogenin, to give products of different sizes (432 bp X; 252 bp Y). Males (XY) show two distinct amelogenin PCR products, and females (XX) a single product (Pertl et al. 1996) .
RT-PCR, with primers specific for TTY2L12A and TTY2L2A, showed a similar expression pattern. For both cDNAs there was only trace expression in fetal kidney and limbs, moderate to weak expression in all other tissues, including adult and fetal testis, and high levels in adult kidney, fetal lung, and in the case of TTY2L12A, fetal intestine ( Fig. 3c,d) . These results confirm that both TTY2-like RNAs are expressed in developing and adult testis, but it is also clear that testis is not the major site of expression. Because TTY2 has been described as a testis-specific RNA, it was important to establish that the TTY2L12A and TTY2L2A PCR products detected in nontestis tissue were identical to that found in testis. PCR products from three tissues, adult testis and kidney, and fetal lung, were sequenced and found to be identical to that in testis. Thus, both genes are expressed in a nontissue-specific manner.
The TTY2 Gene Family
The 34 cosmids containing TTY2-like sequences identified by homology to TTY2L12A and TTY2L2A were analyzed in more detail. In the first instance, a sequence common to TTY2L12A and TTY2 was identified by alignment of their sequences. Using this information, TTY2 primers common to both sequences were designed and used to amplify DNA from all 34 TTY2-like cosmids. All cosmids in this set gave a product of ∼300 bp, and sequence Specific signal in all species is seen only on the Y chromosome. The centromeric and banded signals are due to DAPI staining, and would appear as blue signal in a colored photograph.
Figure 2
Localization of TTY2L12A and TTY2L2A on the Y chromosome. Broken lines indicate position of YACs spanning the euchromatic and part of the heterochromatic region (Jones et al. 1994 ). TTY2L12A and TTY2L2A were positioned by PCR amplification of these YACs. Y chromosome intervals (as defined by Vergnaud et al. 1986; Vollrath et al. 1992 ) are indicated together with several Y-linked STSs (shown slightly elevated).
analysis showed that these sequences segregated into 24 distinct TTY2-like sequences. When aligned using the CLUSTALX program, these could be grouped into 14 classes, or subfamilies. Each subfamily contained one to five members, which share 93%-99% identity. Members of different subfamilies have diverged more significantly, and share 55%-87% identity (data available at http://www.gene.ucl.ac.uk/users/eleni/ index.htm). This large number of distinct sequences suggested that the TTY2 gene family is extensive. A view of the order of duplications that took place during the evolution of this complex gene family was provided from phylogenetic analysis (not shown); this suggested that the TTY2L12A and TTY2 genes are closely related, as are TTY2L1A and TTY2L2A.
Database searches found 100% identity matches for several of the TTY2-like sequences to large genomic fragments, mainly BACs. In a number of instances more than one TTY2-like sequences appear on the same genomic fragment. Two such sequence clusters were examined in more detail: one that carries the TTY2 cDNA sequence, and another that carries the TTY2L12A cDNA sequence. Six TTY2-like sequences, which include TTY2, the TTY2-like cDNAs TTY2L14 and TTY2L15, and three other TTY2-like seq u e n c e s ( T T Y 2 L 1 A , T T Y 2 L 6 A , a n d TTY2L7A, identified from the Y-cosmids PCRs), lie on a 90-kb contiguous stretch of genomic DNA (AC017019, Genome Sequencing Center, http://genome.wustl. edu/gsc/) ( Fig. 4, top) . Both TTY2 (Lahn and Page 1997) and TTY2L2A (present study), are known to be at Yq11 within the AZF regions, and Lahn and Page (1997) provided evidence that firmly places TTY2 in the AZFc region, so it can be assumed that the closely linked TTY2-like sequences shown in Figure 4 (top) are also within this region.
A second TTY2-like gene cluster, which includes TTY2L12A and TTY2L10A, lies on the genomic fragment AC009491 (http:// genome.wustl.edu/gsc/). These sequences are ∼32 kb apart. From the FISH and YAC mapping it has been established that TTY2L12A, and hence AC009491, lie at Yp11.2 (interval 4A).
Gene Structure for TTY2, TTY2L12A, and TTY2L2A
Although the TTY2 cDNA was described several years ago (Lahn and Page 1997) , the structure of the gene remained unknown. However, the availability of the major part of the human genomic sequence in databases allowed us to investigate the gene structure by alignment of the cDNA sequence with the genomic sequence AC017019. Contiguous regions of the TTY2 cDNA matching noncontiguous regions of the genomic clone, representing seven exons with six intervening sequences distributed across 17.9 kb (Table 2) . Each exon/intron boundary coincides correctly with the appropriate donor/acceptor splice site sequences and intronic polypyrimidine tracts. Exon sizes varied between 79 bp and 1.8 kb, and intron sizes between 120 bp and 7.4 kb.
The gene structure for the TTY2 gene was used to predict structures for the TTY2L12A and TTY2L2A genes. The BESTFIT (HGMP, GCG package) alignment program was used to identify exons in the DNA fragments with accession nos. AC009491 (TTY2L12A) and AC023342 (TTY2L2A) by homology to TTY2. In both cases, seven exons were identified (Table 2) , each showing 72-82% identity with the TTY2 exons. The predicted TTY2L12A and TTY2L2A genes are longer than the TTY2 gene, spanning 29 kb and 26.5 kb, re-Figure 3 PCR amplification of tissue cDNA, using PGM1 primers (a and b) and primers specific for TTY2L12A (c) and TTY2L2A (d); the samples are as follows: 1, adult testis; 2, fetal testis; 3, adult prostate; 4, fetal brain; 5, fetal lung; 6, adult kidney; 7, fetal kidney; 8, fetal heart; 9, fetal stomach; 10, fetal intestine; 11, fetal limbs. M, DNA size marker; b 1-4 , PCRs without cDNA. cDNA synthesis was carried out in presence (+) and absence ‫)מ(‬ of reverse transcriptase.
spectively. This size difference is largely due to variation in the sizes of introns 1, 5, and 6. In addition to these differences, both TTY2L12A and TTY2L2A show ∼10 small exonic deletions and insertions relative to TTY2. The predicted TTY2L12A and TTY2L2A gene structures do not entirely conform with the AG-GT exon/intron boundary rule. The intron sequence at the splice sites for intron 1 and intron 2 are conserved in TTY2L2A, while only the sequence at the splice site of intron 3 is conserved in TTY2L12A. However, the exon sequences adjacent to the intron boundaries in each of these cases show some conservation. As described for TTY2, neither TTY2L12A nor TTY2L2A show significant open reading frames, and their sequences do not match known expressed genes in the databases.
An Internally Repeated Structure, Characteristic of TTY2-Like Genes
Alignment of the TTY2 and TTY2-like cDNAs revealed the presence of repeated sequences. DOTPLOT analysis and other sequence alignment programs demonstrated that exons 2-7 are repeated within the large exon 1 (1818 bp), with 70-75% homology. In addition, exon 6 and exon 4 share 73% identity, and exon 7 and exon 2 share 65% identity. Figure 5a shows the DOTPLOT analysis of the TTY2 cDNA sequence to itself. Very similar results were obtained from comparison of the TTY2L12A and TTY2L2A cDNAs to themselves (not shown). To establish whether this repeat structure was a particular feature of the cDNA or represented a larger repeat of genomic DNA, DOTPLOT comparisons of each genomic sequence (TTY2, TTY2L12A, and TTY2L2A) to themselves were done. These comparisons demonstrated that each gene comprises seven tandemly ar-ranged repeats of ∼2.4 kb, together with less frequent repeat units of 0.3 kb and 0.5 kb. Figure 5b shows a DOTPLOT analysis of the TTY2 genomic sequence, and again, very similar results were obtained for TTY2L12A and TTY2L2A. For all three genes, each 2.4 kb repeat shows 75% similarity to any other repeat.
DISCUSSION
In 1997, Lahn and Page described a Y-linked, testisspecific cDNA, which they designated TTY2. The TTY2 gene was more accurately located on the Y chromosome by PCR amplification of DNA from males carrying partial Y chromosome deletions ) and by PCR amplification of YACs spanning the Y chromosome euchromatic region ). These studies defined two localizations of TTY2 on the Y chromosome: Yp11.2 within 3G and 4A, and Yq11.2 within 6C. It was noted by Lahn and Page (1997) that this cDNA identified multiple hybridizing bands on Southern blots.
The TTY2 Gene Family
In the present study we have shown that TTY2 exists on the Y chromosome as an extensive gene family, with 26 copies, that can be grouped on the basis of their sequence similarities into at least 14 subfamilies. The level of identity among members of the same subfamily is ∼93%-99%, and between different subfamilies ∼55-87%. This pattern of similarity implies a multistage evolution, in which one wave of duplications gave rise to the subfamily founder member, and a subsequent series of duplications led to expansion of some families. Transposition of individual genes and groups There is evidence that gene translocation has been a relatively common event in the history of the TTY2 genes; at least two clusters of genes occur: a large group on Yq (AZFc), and a smaller one on Yp. The gene multiplicity and clustering shown by the TTY2 family is a feature shared with other male-specific, Y-linked gene families, such as RBMY (Chai et al. 1997) , DAZ (Saxena et al. 1996) , and TSPY (Manz et al. 1993; Vogel and Schmidke 1998; Ratti et al. 2000) , which are also arranged in tandemly arrayed clusters on both arms of the Y chromosome. It is notable that the location of the TTY2-like genes coincides with the location of two TSPY gene clusters in both arms of the Y chromosome (Arnemann et al. 1991; Vogt et al. 1987; Ratti et al. 2000) . It has been suggested that the region containing TSPY on Yp is particularly prone to chromosomal rearrangements, and contains many tandemly repeated sequences (Müller et al. 1989 ). It seems reasonable to propose that at some time in the evolutionary past, large genomic segments, which contained both TSPY and TTY2 genes, had been duplicated and translocated between Yq and Yp.
The Function of TTY2 and TTY2-Like Genes
It is difficult to judge at this stage whether any of the TTY2-like sequences represent functional genes. Although TTY2, TTY2L12A, and TTY2L2A lack an open reading frame (ORF), the presence of transcribed RNA in cells of different types has been clearly demonstrated in this paper by RT-PCR, and for TTY2 by Northern blot analysis (Lahn and Page 1997) . One possibility is that some or all of the TTY2 copies are pseudogenes. The transition between functioning gene and pseudogene is usually gradual, and in the early stages, the gene may continue to be expressed at the RNA level. Our studies show that TTY2 (Lahn and Page 1997) has exon/intron splicing junctions that conform to the AG-GT rule. However, this rule does not hold at all boundaries in the TTY2L12A and TTY2L2A genes, which could be interpreted as decay of the functional sequence, and perhaps supports the idea that these copies are pseudogenes. It remains to be seen whether other members of this gene family will prove to have consensus intron/exon sequence structure. Alternatively, the lack of a distinct ORF may imply that members of the TTY2 gene family function at the RNA level rather than encoding a protein product (Eddy 1999; Erdmann et al. 2000) . Examples of genes functioning in this way are H19 (Askew et al. 1991) , HIS-1 (Hao et al. 1993) , and DGCR5 (Sutherland et al. 1996) , which, although they lack protein coding capacity, are able to produce large, spliced, and polyadenylated RNAs.
RT-PCR analysis confirmed that TTY2L12A and TTY2L2A genes are expressed in testis as is TTY2, but these TTY2L genes are also expressed at significant levels in lung and kidney. Expression in kidney and in testis is not surprising, because both the reproductive and urinary systems in males are developmentally connected, both arising from the nephros (Carlson 1994; Martineau et al. 1997) . Futhermore, there are several genes that play a significant role in sex determination and are expressed in both testis and kidney. One example is WT-1, a zinc finger transcription factor, which is associated with genitourinary malformations and plays an important role in genitourinary development (Pritchard-Jones et al. 1990; Mundlos et al. 1993) .
The identification of 16 cDNA clones identical to TTY2L2A indicates that this mRNA is far more abundant in the testis mRNA pool than mR-NAs from other members of the TTY2 family. Interestingly, TTY2L2A is located within one of the functionally active AZF Figure 5 DOTPLOT analysis of (a) the TTY2 cDNA (3169 bp) to itself, and (b) TTY2 genomic DNA to itself; internal repeats appear as lines off the diagonal. For example in (a), the repeat of exon 7 sequence within exon 1 is clearly seen, and in (b) the tandem repeats of ∼2.4 kb are obvious. For clarity, a line drawing of the repeat elements within the gene is shown in (c). regions (AZFb or AZFc) of the Y chromosome, where the functional members of the DAZ, RBMY, and TSPY gene families are located (Cooke and Elliot 1997; Chai et al. 1997; Ratti et al. 2000) .
A Gene Comprising Tandem Repeats
Our studies of the genomic structure of the TTY2 family members revealed the presence of an internal repetitive structure, which is characteristic of all genes analyzed (TTY2, TTY2L12A, and TTY2L2A). The major repeat units are 2.4 kb long and tandemly arranged across the gene. It can be concluded that the TTY2 genes have emerged from a series of intragenic duplications. The genomic repeat structure is reflected in duplications of exon sequences within a single gene. The homology between exon 1 and exon 7, which extends over 625 bp, was interpreted by Fatyol et al. (2000) as representing the long terminal repeats (LTR) of a retroposon, and led them to propose that TTY2 is a retrogene. Fatyol et al. (2000) found that the 5Ј 1.1-kb segment of TTY2 showed homology (68%) to a novel repetitive element present in high copy number near the centromeres of primate chromosomes. However, as we have shown, the pattern of homologies across the gene is extensive, and can be simply explained by intragenic duplication. Furthermore, we show that the TTY2 family members have an exon/intron structure, and lack a protein coding ORF; thus, they do not have the capacity to code for reverse transcriptase and integrase domains, and seem unlikely to be retroposed sequences (Finnegan 1997; Smit 1999) .
Comparative Studies-TTY2 Genes
FISH analysis of primate chromosomes indicate that both TTY2L12A and TTY2L2A sequences have been Yspecific, because humans diverged from gorillas 7 million years ago (Goodman et al. 1998) .
The YACs used in the present study for mapping of the TTY2L12A and TTY2L2A genes have been used by Archidiacono et al. (1998) to examine the structure and evolution of primate Y chromosomes. Archidiacono et al. (1998) found that YAC821G7 hybridized to the chimpanzee Y chromosome, at Yq12.1-12.2 and gorilla Y chromosome at Yp11.1-11.2. In this study we showed that TTY2L12A lies on YAC 821G7, and this YAC maps in humans to Yp11.2. Thus, TTY2L12A is located in both humans and gorillas on Yp, whereas in chimpanzees it is on Yq. These results suggest that after the divergence of the human and chimpanzee lineages, ∼3-4 Mya, an internal rearrangement such as a translocation and reinsertion in the chimpanzee ancestor, transferred a genomic fragment bearing the TTY2L12A homolog from Yp to Yq.
Our data imply that, at least with regard to the distribution of the TTY2 sequences, the gorilla Y chromosome structure is closer to humans than to chim-panzees. In this context it is interesting to note that the banding patterns of the human and gorilla Y chromosomes show more resemblance to each other than to that of the chimpanzee (Pearson et al. 1971) . In addition, some genes are present on the Y chromosome of gorillas and humans, which are not found in the chimpanzee, for example, the GMGXY12 locus (Lambson et al. 1992) . These findings suggest that the Y chromosome of the chimpanzee has undergone significant rearrangement since its divergence from the human lineage. Examples of Y chromosome rearrangements during the evolution of hominoid apes have been demonstrated by comparative FISH studies for other Y-linked genes like RBM and TSPY (Schempp et al. 1995) , which show that although these genes remain Y-specific, the number of copies and their location(s) may vary among the different primate species.
METHODS

Construction of the cDNA Selection Library
The selection procedure was carried out using first-strand cDNA prepared from an adult human testis RNA template and 480 cosmids from each of two Y chromosome cosmid libraries (n = 960) as the genomic target. One of the cosmid libraries was prepared in Lawrist 16 by flow sorting Y chromosomes from the somatic cell hybrid J640-51, partially digested with MboI, and was obtained from the Biomedical Sciences Division, Lawrence Livermore National Laboratory (LLOYNCO3 'M'). The second library was prepared in Lorist B , using DNA from the somatic cell hybrid 3E7, which contains the Y chromosome as its only human component. The procedure for selecting testis-specific Y-linked cDNAs was carried in a manner similar to that described by Lovett (1994) and Del Mastro and . Hybridization reaction was carried out in solution. The target genomic DNA was tagged with biotin 16-UTP by nick translation, and the capture of genomic DNA and the associated cDNAs was performed by streptavidin-coated magnetic beads. Two rounds of cDNA selection were carried out, followed by one round of subtraction with human Cot-1 DNA, to remove highly repetitive sequences. In this way, 4608 cDNAs were selected and amplified in the plasmid pAMP10. The clones were arrayed in 48 96-well microtiter plates in 100 µL of ‫ן2‬ TY agar medium containing 100 µg/mL ampicillin.
Filter Hybridization
Samples of the plasmid arrays were transferred onto Hybond N+ nylon membranes (Amersham Pharmacia Biotech) and grown on L-agar plates containing ampicillin, 100 µg/mL, overnight at 37°C. The filters were placed in denaturing solution (1.5 M NaCl and 0.5 M NaOH) for 30 min, neutralized in 1.5 M NaCl, 0.5 M Tris, pH 7.5 and 1 mM EDTA for a further 30 min, and baked at 80°C for 2 h.
The selected library was screened using ␣-32 P dCTPlabeled fragments of Lawrist 16 and Lorist B as probes, and using a 350-bp PCR product containing the DYZ1 repeat, which had been amplified with STS map pair primers SY160.F and SY160.R (PubMed, accession no. G38343). As an extra precaution against the selection of repeat sequences, the library was also screened with ␣-32 P dCTP-labeled and sonicated DNA from the OXEN cell line (49,XYYYY).
Posthybridization washes were performed at high stringency ‫ן1.0(‬ SSC, 0.1% SDS, 65°C). Filters were exposed to X-ray film (Kodak biomax MR) at ‫°07מ‬C for 4-24 h. Recombinant plasmids, which did not hybridize to vector or repeat sequence probes, were selected for further analysis.
PCR Amplification
DNA from selected recombinant plasmids was prepared using the ABI PRISM (Applied Biosystems) miniprep kits and cosmid DNA with the QIAGEN Plasmid Purification Maxi kit. PCR amplification of plasmid cDNA insert was performed using 50-200 ng of DNA, 1.5 units of Red Hot Taq polymerase (Advanced Biotech), 0.2 mM of dNTPs, and 25 pmoles of primers, in 15 mM MgCl 2 , 200 mM (NH 4 ) 2 SO 4 , 750 mM Tris-HCl, pH 8.8 and 0.1% Tween, in an Omnigene (Hybaid) thermal cycler. The cycling conditions were as follows: 1 cycle at 95°C for 5 min, 30-35 cycles of 30 sec at 95°C, 30 sec at 50-56°C, and 30 sec at 72°C, followed by 1 cycle at 72°C for 5 min.
cDNA inserts were amplified using the flanking vector primers pAMP10.F 5Ј TAAGCTTGGATCCTCTAGAGCG 3Ј and pAMP10.R 5ЈGAATTCCCGGGTCGACTACTAC 3Ј (annealing temperature, 51°C). Primers common to all TTY2-like sequence were TTY2.F 5ЈTCACCACAGATAGCCACTGAGAC 3Ј and TTY2.R 5ЈATCAGGTCCATGGGATTGGAATG 3Ј. These were used to amplify TTY2-like sequences from a panel of cosmids (annealing temperature 50°C). Primers specific for the cDNA TTY2L12A and TTY2L2A were TTY2L12A.2F 5ЈCAGACTGTGAGTTGGTTCTG 3Ј and TTY2L12A.R 5ЈTAT GTGAGAGAGACCCTGTG 3Ј (annealing temperature, 54°C) and TTY2L2A.F 5ЈCCTATCTGAGCAGGTACTTTAC 3Ј and TTY2L2A.R 5ЈGTGTCATCTGTCTTTCTCAGTG 3Ј (annealing temperature 56°C), respectively.
DNA Sequence Analysis
Before sequence analysis, PCR products were purified using the QIAquick PCR purification kit (QIAGEN), according to the manufacturer's instructions.
Sequence analysis was performed using a Thermo Sequenase radiolabeled terminator cycle sequencing kit (Amersham) and [␣-33 P] ddNTP terminators. Products were resolved on a 6% denaturing polyacrylamide gel (6% 19:1 acrylamide/ bisacrylamide, 7 M urea, 1.7% (v/v) TEMED and 25% (w/v) ammonium persulphate), which was dried and exposed to X-ray film for 12-48 h at room temperature.
Automated fluorescent sequencing was also performed using dRhodamine fluorescent dye terminators (Advanced Biosystems) and an ABI 377XL automated DNA sequencer (Advanced Biosystems). Data was collected using 373XL collection software and analyzed using Sequencing Analysis version 3.0 and Sequence Navigator version 1.0.1 software.
RNA Preparation and RT-PCR
Before the preparation of RNA, sex determination of human tissues was performed from DNA using amelogenin primers AMLXY-forward and AMLXY-reverse (annealing temperature, 56°C) (Pertl et al. 1996) .
RNA was extracted from male fetal and adult human tissues with RNAzol B (Biogenesis), following a procedure based on that described by Chomczynski and Sacchi (1987) . The integrity of the RNA was checked by electrophoresis in 1% MOPS-formaldehyde agarose, in which RNA was visualized by adding ethidium bromide (100 ngmL ‫1מ‬ ) to the samples.
First-strand cDNA was prepared from RNA using MMuLV reverse transcriptase (Advanced Biotech) and ∼5 µg of RNA. The reaction mix contained 7 µL of ‫ן5‬ reverse transcriptase buffer (250 mM Tris-HCl pH 8.3, 375 mM KCl, 15 mM MgCl 2 , and 50 mM DTT), 1 µL of 1000 pmoles random hexamer primers (Amersham Pharmacia Biotech), 2 µL of 20 mM dNTPs, 1 µL of ribonuclease inhibitor (Amersham Pharmacia Biotech), 3.5 µL of 0.1 M DTT, and DEPC-treated H 2 O in a total volume of 33 µL. Before addition of 2 µL (40 units) of reverse transcriptase, the RNA was denatured at 65°C for 10 min. The reaction was incubated at 37°C for 90 min. Reactions without reverse transcriptase were also performed as a control to check for the presence of genomic DNA contamination. cDNA was amplified by RT-PCR, using 2.5 µL of singlestranded cDNA, 25 pmoles of both forward and reverse primers, 5 mM of dNTPs, 1.5 units of Taq polymerase (Advanced Biotech) in 1.5 mM MgCl 2 , 1.25 mL of 200 mM (NH 4 ) 2 SO 4 , 750 mM Tris-HCl, pH 8.8, 0.1% Tween, in a final volume of 50 µL. After an initial denaturation step, 30-35 cycles were performed, using conditions established for each primer as described. The quality of the cDNA prepared from human tissues was checked using primers for the ubiquitously expressed gene phosphoglucomutase 1 (PGM1), with an annealing temperature of 56°C (Edwards et al. 1995) .
Fluorescence In Situ Hybridization
FISH analysis was carried out as described previously (Gillett et al. 1996) . Cultured lymphocytes were incubated with thymidine, to synchronize replication by blocking DNA synthesis. Cells were harvested, fixed, and transferred to cold slides. DNA (400 ng) was labeled with biotin-4-dATP or digoxigenin by nick translation (Bionick kit, GIBCO-BRL). The labeled probe was resuspended in hybridization mix, containing 50% formamide, 10% dextran sulphate, ‫ן2‬ SSPE, denatured and incubated with Cot1 DNA and herring sperm DNA for 24 h at 37°C, prior to incubation with the spreads. Signal detection was achieved using fluorescein isothiocyanate-conjugated avidin for biotin and rhodamine antidigoxygenin. Preparations were mounted in vectashield antifade mounting medium, to which the fluorochrome diamidinophenylindole (DAPI) had been added for counterstaining and banding. Slides were examined under a Zeiss axioskop fluorescence microscope, and digital images were captured by a cooled CCD camera, using the Cyto Vision Ultra image collection and enhancement system (Applied Imaging).
Sequence Computational Analysis
Matches of cDNA sequences to sequences in database were looked for, using the BLAST program at the NCBI database (http://www.ncbi.nml.nih.gov/BLAST/), the HGMP BLAST search facilities (http://www.hgmp.mrc.ac.uk/), and the Tokyo GenomeNet database (http://www.blast.genome.ad.jp/). All sequence comparisons were performed by the programs BESTFIT and GAP, supplied as part of the GCG v.10 suite (Genetics Computer Group). CLUSTALX is also part of the MRC-HGMP bioinformatics facilities, and provided an integrating system for performing multiple sequence alignments.
The phylogenetic tree was constructed using a series of programs. Sequences of ∼250 bp were compared and aligned using the PILEUP program. The pairwise distance matrix was created using DISTANCES, and the phylogenetic tree was produced using the neighbor-joining method of GROWTREE and visualized using PAUPdisplay. Confidence of the tree was TTY2 Gene Family Genome Research 943 www.genome.org evaluated by 500 bootstrap replicates of the examined data, using the PAUP program.
